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Summary
THE EFFECTS OF GENETIC STRAIN AND FINISHER DIET NON-PHYTATE
PHOSPHORUS LEVEL ON PERFORMANCE, LYSINE DEGRADATION AND
LITTER COMPOSITION OF LARGE TOM TURKEYS
by Brittany Nicholle Swiger
Successful commercial turkey production requires proper genetic strain selection to optimize
live performance and profit. In addition, sustainable practices relative to manure disposal are essential
due to perceptions that land application of poultry manure is a primary contributor to watershed
eutrophication. The objective of our research was to assess genetic strain and finisher diet non-phytate
phosphorus (nPP) level effects on large tom performance and litter composition using a research facility
that mimics commercial production. Experiments were 2x2 factorial designs utilizing 2 strains
(Nicholas and Hybrid) and 2 levels of dietary nPP (normal and low) in finishing diets. Two
experiments of similar concept and design were conducted in sequence. In experiment (Exp) 1 Hybrid
Converter and Nicholas 88x700 strains were compared, and dietary nPP was reduced during the last
finisher diet [calculated percent nPP: normal (0.37) and low (0.31)]. In Exp 2, Hybrid Converter and
Nicholas TP5 strains were compared, and dietary nPP was reduced in the last 2 finisher diets
[calculated percent nPP: normal (0.58) and low (0.55) in the finisher 1 diet, and normal (0.40) and low
(0.38) in the finisher 2 diet]. Live performance measurements were recorded from d 1-136 and from d
1-126 for Exp 1 and 2, respectively. Liver enzyme assays associated with lysine degradation were
quantified and litter phosphorus (P) levels were determined. In Exp 1, both strains had similar ending
weight (EW). The Hybrid Converter strain had improved feed conversion ratio (FCR) as compared to
the Nicholas 88x700 strain. The initial enzyme of the primary pathway of lysine oxidation/degradation,
lysine α-ketoglutarate reductase (LKR), had greater activity in Nicholas compared to Hybrid toms.
Changes in dietary nPP in the finisher diet did not affect performance or litter P, thus indicating
potential to decrease feed cost but not environmental impact. In Exp 2, Nicholas TP5 had greater EW

but increased FCR as compared to Hybrid Converter toms. However, regression equations that
standardized strain EW, predicted a decreased time of production and FCR for Nicholas TP5 toms.
Hybrid Converter and Nicholas toms did not differ in LKR activity; although, a decrease in activity
over time was observed. Manipulation of dietary nPP level did not affect tom performance. However,
the low nPP diet decreased total litter P, thus indicating potential to decrease feed cost and
environmental impact.
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Chapter 1: Literature Review

I. United States Turkey Production
The United States is the largest producer of turkeys in the world and is responsible for 53.7%
of the world’s total turkey meat production (USDA-FAS, 2001). In 2009 the U.S. raised over 247
million turkeys, and nearly 242 million in 2010. The value of production during 2009 was $3.57
billion, down 20 percent from the $4.48 billion the previous year, and production totaled 7.15 billion
pounds, down 10 percent from the 7.92 billion pounds produced in 2008. During 2009 the average
price received by producers in the U.S. was 50 cents per pound, compared with 56.5 cents in 2008
(USDA/NASS, 2010). U.S. turkey production occurs primarily in the Corn Belt and North Carolina
(USEPA, 2011).

II. West Virginia Turkey Production
In 2010 West Virginia ranked 11th nationally in turkey production (NASDA, 2011). In 2009
the state raised 3.3 million turkeys. In 2010, 2.5 million turkeys were raised in WV. The average
price received by producers in the state during 2009 was 48 cents per pound. The value of turkeys
produced in WV in 2009 was $46.41 million (USDA/NASS, 2010). WV’s number one agriculture
export in 2009 was poultry and poultry products and the number three agricultural commodity in the
state was turkeys (USDA-Economic Research Service, 2011).

III. Genetic Strains
Genetic strains are constantly developed and improved upon, making it important to stay
current with genetic evaluation. Turkeys raised for meat production in the commercial industry are
specially bred hybrid strains (a cross between two or more different genetic strains).
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These

commercial strains grow much faster and convert feed to body weight much more efficiently than
pure strains, and are specifically bred to have increased meat in the breast and thighs (PoultryHub).
Because breast meat is the most valuable part of the turkey in most countries, representing 60-70 %
of the income from the carcass, maximizing the growth of breast meat and yield is of great economic
importance. Turkey companies continuously increase the potential for breast meat in genetic lines by
selecting for increased breast muscle. In addition, breast meat can be enhanced by combining genetic
lines that show higher potential for this type of meat (Aviagen Turkeys Ltd.).

IV. Hybrid Strain
Hybrid Turkeys, owned by Hendrix Genetics, is a breeder located in Ontario, Canada that
“delivers the industry’s best combination of feed conversion, durability and overall profitability”.
They offer specialty strains (Orlopp Bronze) as well as mainstream strains (XL, Grade Maker and
Converter) to meet the various needs of growers, processors and integrators. Each strain is
genetically designed to maximize production at different market weights. In particular, the Hybrid
Converter brings the most profit with various market weights (Hybrid Turkeys; Hendrix Genetics,
Boxmeer, Netherlands).

V. Nicholas Strain
Aviagen Turkeys, owned by the Aviagen Group, is a premier supplier of turkey breeding
stock that supports the brands of British United Turkeys and Nicholas Turkeys. Aviagen Turkeys
supplies locations all over the world, with pedigree programs in the U.S. and Europe, utilizing
innovative technology and maintaining diverse genetic lines to “enable selection of turkeys that give
the best performance in a wide range of environments”. They offer a specialty strain (Hockenhull),
heavy medium strains (B.U.T. 10 and Nicholas 300), as well as heavy strains (Nicholas 700, B.U.T.
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Big 6, B.U.T. Big 7 and B.U.T. Big 9). In particular, the Nicholas 700 provides the best overall
economic returns with its combination of low poult cost, weight, meat yield, FCR and livability
(Aviagen Group; EW Group, Visbek, Germany).

VI. Chesapeake Bay Watershed
The Chesapeake Bay watershed (the area of land that drains into the Chesapeake Bay) is
64,000 square miles and has 11,600 miles of tidal shoreline, including tidal wetlands and islands. The
watershed encompasses parts of six states (Delaware, Maryland, New York, Pennsylvania, West
Virginia and Virginia) and the District of Columbia (USEPA, 2011). Approximately 17 million
people live in the watershed and about 10 million people live along its shores or near them. There are
more than 100,000 streams, creeks, or rivers in the watershed, including 150 major rivers
(Chesapeake Bay Foundation, 2011).

VII. Eutrophication
Eutrophication can be defined as the over-enrichment of a body of water, which increases
algal blooms and depletes available oxygen levels in the water. This process results in an unbalanced
system causing the death of many organisms. Due to its effects on water quality, eutrophication has
been identified as the main problem in surface waters (USEPA, 1996). With the concentration of
poultry production and increase in operation size in several regions of the U.S., more manure is
applied to agricultural land. This application of manure has resulted in more phosphorus (P) being
added than crops require, an accumulation in soil P, and increased potential for P loss in surface
runoff (Sharpley, 1999). In addition, P inputs to fresh waters can accelerate eutrophication
(Schindler, 1977; Carpenter et al., 1998). Currently, the U.S. Environmental Protection Agency has
established a Total Maximum Daily Load (TMDL) for the waterway, setting maximum limits for
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certain pollutants, including P, N and sediment that the body of water can receive. In order for the
Chesapeake Bay to meet Clean Water Act quality standards, the TMDL limits the amount of P influx
to 12.5 million lbs per year. This would eventually result in a 24% reduction of P in the bay, thus
decreasing eutrophication (USEPA, 2011). Phosphorus is discharged into receiving waters from both
point and nonpoint sources. Point sources were historically the most important sources, but as
treatment technologies improved and removed P more efficiently, and as land uses became more
intense, nonpoint sources became more important (USEPA, 1990). Pollutant discharges from point
sources tend to be continuous, with little variability over time. Often they can be monitored by
measuring discharge and chemical concentrations periodically at a single place. Consequently, point
sources are relatively simple to measure and regulate, and can often be controlled by treatment at the
source. Nonpoint inputs can also be continuous, but are more often intermittent and linked to
seasonal agricultural activity or irregular events, such as heavy precipitation or major construction.
Nonpoint inputs often derive from extensive areas of land and are transported overland, underground,
or through the atmosphere to receiving waters. Consequently, nonpoint sources are difficult to
measure and regulate, and are now the dominant inputs of P and N to most U.S. surface waters
(Carpenter et al., 1998).

VIII. Phosphorus
Phosphorus is a mineral nutrient and an essential element for all life forms (Correll, 1998). It
plays a critical role in cellular metabolism, as a part of the energy currency of the cell, and in cellular
regulatory mechanisms in bone. Bone is the main storage organ for phosphorus, containing 85% of
the body’s total phosphorus. This mineral is essential for animals to attain their optimum genetic
potential in growth and feed efficiency as well as skeletal development. Because of the key role of
phosphorus in bone development and mineralization, the requirements of the animal for this mineral
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are highest during the time the animal is rapidly growing (Applegate and Angel, 2008). This is
particularly important for rapidly growing large toms. If adequate amounts of this mineral are not
provided, the consequences are physiologically and economically disastrous (Waldroup, 1999).
Market age poultry often suffer from lameness and bone deformities, which can cause bone breakage
during catching and transportation and can create problems during processing (Gregory and Wilkins,
1992; Julian, 1998; Knowles and Wilkins, 1998). Bone weakness and other bone problems also
constitute significant animal welfare issues because of lameness and mortalities stemming from leg
weakness (Aziz-Abdul, 1998). Overall, the economic cost associated with bone problems in poultry
can add up to several hundred million dollars a year (Rath et al., 2000).
Most ingredients in turkey diets are seed-based. Dietary phosphorus can be separated into
two groups: organically bound phosphorus, present as salts of phytic acid (phytate phosphorus), and
phosphorus present in other forms (non-phytate phosphorus) (Waldroup, 1999). Myo-inositol
1,2,3,4,5,6-hexakis dihydrogen phosphate (IP6 or phytic acid), an organic phosphate, is a
phosphorylated cyclic sugar alcohol. In plants, IP6 exists in its anionic form, phytate. IP6 readily
binds mineral cations in mature seeds, and in this form is known as phytin (Lott, 1984). Phytin
accounts for approximately 50 to 80 percent of the phosphorus in seed feedstuffs (Ravindran et al.,
1995). In seeds, the role of phytin is as follows: 1) a phosphorus reserve, 2) an energy store, 3) a
competitor for adenosine triphosphate during the rapid biosynthesis of phytin near seed maturity
when seed metabolism is inhibited and dormancy is induced, 4) an immobilizer of divalent cations
needed for the control of cellular processes and that are released during germination upon the action
of intrinsic plant phytases, and 5) a regulator of readily available seed inorganic phosphorus level
(Cosgrove, 1980). The IP6 molecule is 28.2% phosphorus by weight. The location of phytin within
the seed and its chemical associations with other nutrients influence its availability.
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Confusion exists related to the terms used for the different forms of dietary phosphorus.
Briefly, some of these terms can be defined as follows: Total phosphorus is generally referred to just
as phosphorus, and encompasses any and all forms of phosphorus in the diet. Available phosphorus,
also called digestible phosphorus, refers to the phosphorus that is absorbed from the diet by the
animal (feed phosphorus – the phosphorus in the distal ileum). Retained phosphorus refers to the
phosphorus that stays in the body (feed phosphorus – excreta phosphorus). Inorganic phosphorus is
any phosphorus that is not bound to an organic molecule. Phytate phosphorus is organic phosphorus,
specifically phosphorus that is part of a six carbon ring structure (phytic acid), found primarily in
seeds chelated to other nutrients. Any phosphorus not bound to the phytin molecule is referred to as
non-phytin phosphorus (Angel, 2011). The chemical definition of non-phytate phosphorus is the
entity calculated by subtracting the analyzed phytate phosphorus content of a feed from its analyzed
total phosphorus content (Angel and Applegate, 2001). In addition, the availability of phosphorus is
highly variable between ingredients so excessive amounts of phosphorus are added to diets to ensure
requirements are met. This results in much higher total phosphorus than needed and the excess
phosphorus is excreted into the litter (Angel et al., 2002; Van der Klis and Versteegh, 1996).

IX. Phosphorus in Litter
Litter phosphorus can be described using multiple terms. Past research has described
litter and soil phosphorus terms as Total P, Organic P, Inorganic P, Plant Available P, Water Soluble
P, Citrate Soluble P, Particulate P, and Degree of P Saturation. Briefly these terms can be defined as:
Total P is the combination of organic and inorganic P. This is typically determined using
inductively coupled plasma emission spectroscopy (ICP);
Organic P comes from living or the remains of once living substances that contain carbon
(animal, plant, and microbial tissue);
6

Inorganic P is any P containing compound that does not also contain carbon. There are many
assays to determine inorganic P, which citrate soluble P is one such assay;
Plant Available P is the form of inorganic P dissolved in soil water that plants are able to
absorb, i.e. orthophosphate anions, H2PO4- and HPO42-;
Water Soluble P is the percentage of total P that dissolves in water and is filterable. This
could include organic or inorganic complexes. Water soluble P is subject to loss in runoff;
Citrate Soluble P is the percentage of total P that dissolves in an ammonium citrate solution at
a pH of 7.0. This is one method to determine inorganic P;
Particulate P is organophosphate complexes in soil. This is the form of P subject to loss in
soil erosion;
Degree of P Saturation is the percentage of soil P saturation that a soil has reached. Soil P
saturation (the maximum amount of P that a soil can hold) includes all forms of P and can be
determined by extraction with the Mehlich-3 method. Nutrient management plans that focus
on P, base litter applications on soil P saturation.
Poultry production has continued to increase over time, and with this an increase in poultry
litter (poultry excreta mixed with bedding material) has been seen (Vadas et al., 2004). Applying
animal manures to land remains the most efficient way to use large quantities of manure generated by
confined animal feeding operations (Olson and Paterson, 2005). However, poultry (which are mono
gastric animals) cannot efficiently utilize phosphorus from feed. Thus more phosphorus must be put
in their diets to make up for the inefficiency. Elevating the amount of phosphorus that goes into the
bird consequently increases the amount excreted into the litter. Applying this litter to land to recycle
nutrients can lead to an accumulation of soil phosphorus, which in turn increases the potential for
phosphorus losses by runoff and leaching. Many times too much litter is applied to land due to
meeting the requirements of crops for nitrogen. Most manure contains nearly as much phosphate as
7

N. For example, dry turkey litter contains 61.75 pounds/ton of nitrogen and 63.68 pounds/ton of
phosphorus. There is an issue because plants take up and remove 2.4 to 4.5 times as much N as
phosphate. Applying litter on a nitrogen basis causes an excess of phosphorus because the plants
cannot remove all of it from the soil. In addition, if the level of phosphorus in the soil builds up from
repeated litter applications, the soil can become saturated with the mineral and the potential for losses
of soluble phosphorus in surface runoff will increase significantly (Mullins, 2009).

X. Lysine
Lysine is frequently the limiting amino acid in cereal grain-based diets for livestock species
(Kiess et al., 2008). It is the second-limiting amino acid in poultry diets (after methionine) and its
main purpose is for protein synthesis (Baker and Han, 1994). Decreasing the rate that animals
degrade lysine will increase its availability for growth (Kiess et al., 2006) and decrease production
costs. The primary route of lysine oxidation is via the lysine α-ketoglutarate reductase (LKR)
pathway. In this pathway, lysine and α-ketoglutarate are converted to saccharopine by LKR. Then
saccharopine is converted to α-aminoadipate semialdehyde and glutamate by saccharopine
dehydrogenase (SacD) (Manangi et al., 2005). It has been determined that (in rat liver) LKR and
SacD are present only in the mitochondrial matrix (Blemings et al., 1994). LKR activity has been
identified in chicken liver (Wang and Nesheim, 1972; Manangi et al., 2005), as well as chicken
kidney, pancreas, heart, brain, lung, spleen, breast muscle, and intestine tissues (Manangi et al.,
2005).
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ABSTRACT

Successful commercial turkey production requires proper genetic strain selection

to optimize live performance and profit. In addition, sustainable practices relative to manure disposal
are essential due to perceptions that land application of poultry manure is a primary contributor to
watershed eutrophication. The objective of our research was to assess genetic strain and finisher diet
non-phytate phosphorus (nPP) level effects on large tom performance and litter composition using a
research facility that mimics commercial production. Experiments were 2x2 factorial designs
utilizing 2 strains (Nicholas and Hybrid) and 2 levels of dietary nPP (normal and low) in finishing
diets. Two experiments of similar concept were conducted in sequence. In experiment (Exp) 1
Hybrid Converter and Nicholas 88x700 strains were compared, and dietary nPP was reduced during
the last finisher diet [calculated percent nPP: normal (0.37) and low (0.31)]. In Exp 2, Hybrid
Converter and Nicholas TP5 strains were compared, and dietary nPP was reduced in the last 2
finisher diets [calculated percent nPP: normal (0.58) and low (0.55) in the finisher 1 diet, and normal
(0.40) and low (0.38) in the finisher 2 diet]. Live performance measurements were recorded from d
1-136 and from d 1-126 for Exp 1 and 2, respectively, and litter phosphorus (P) levels were
determined. In Exp 1, both strains had similar ending weight (EW). The Hybrid Converter strain had
improved feed conversion ratio (FCR) as compared to the Nicholas 88x700 strain. Changes in
dietary nPP in the finisher diet did not affect performance or litter P, thus indicating potential to
decrease feed cost but not environmental impact. In Exp 2, Nicholas TP5 had greater EW but
increased FCR as compared to Hybrid Converter toms. However, regression equations that
standardized strain EW, predicted a decreased time of production and FCR for Nicholas TP5 toms.
Manipulation of dietary nPP level did not affect tom performance. However, the low nPP diet
decreased total litter P, thus indicating potential to decrease feed cost and environmental impact.
Key words: turkey, non-phytate phosphorus, genetic strain, performance, litter phosphorus
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INTRODUCTION
There are several challenges associated with maintaining a competitive edge in large tom
turkey production. Choosing the correct genetic strain of bird can significantly impact feed
conversion ratio (FCR), ending weight (EW), and breast yield, thus profitability in today’s market.
Strains are constantly developed and improved upon, making it essential to stay current with genetic
evaluation. In addition, environmental impacts of production agriculture (especially litter disposal)
are becoming increasingly more scrutinized and consequently regulated. Much of the concern is due
to the impact of excreted phosphorus (P) on the environment. The loss of P from agricultural soils
can increase the fertility status of natural waters (eutrophication), which may accelerate the growth of
algae and other aquatic plants (G. Mullins, Virginia Tech, Blacksburg, VA). One specific area of
concern is the Chesapeake Bay Watershed, which covers approximately 64,000 miles including parts
of six states (Delaware, Maryland, New York, Pennsylvania, West Virginia and Virginia) and the
District of Columbia. The U.S. Environmental Protection Agency has established a Total Maximum
Daily Load (TMDL) for the waterway, setting maximum limits for certain pollutants, such as P,
nitrogen and sediment that the body of water can receive. In order for the Chesapeake Bay to meet
the standards established by the Clean Water Act, the TMDL limits the amount of P influx to 5.67
million kg (12.5 million pounds) per year. This would eventually result in a 24% reduction of P in
the bay, thus decreasing eutrophication (Environmental Protection Agency, 2011). Due to the
perception that land application of manure is a primary contributor to watershed eutrophication,
strategies that minimize manure P have become a management priority for poultry producers in this
area.
Phosphorus terminology can be confusing, especially when making reference to litter, and soil
P as opposed to perhaps more familiar nutritional P vocabulary. Past research has described terms for
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litter and soil P as Total P, Organic P, Inorganic P, Plant Available P, Water Soluble P, Citrate
Soluble P, Particulate P, and Degree of P Saturation. Briefly these terms can be defined as:
Total P – the combination of organic and inorganic P. This is typically determined using
inductively coupled plasma emission spectroscopy (ICP);
Organic P –comes from living or the remains of once living substances that contain carbon
(animal, plant, and microbial tissue);
Inorganic P – any P containing compound that does not also contain carbon. There are many
assays to determine inorganic P, citrate soluble P is one such assay;
Plant Available P – the form of inorganic P that is dissolved in soil water that plants are able
to absorb, i.e. orthophosphate anions, H2PO4- and HPO42-;
Water Soluble P – the percentage of total P that dissolves in water and is filterable. This
could include organic or inorganic complexes. This form of P is subject to loss in runoff;
Citrate Soluble P – the percentage of total P that dissolves in an ammonium citrate solution at
a pH of 7.0. This is one method to determine inorganic P;
Particulate P – organophosphate complexes in soil. This is the form of P subject to loss in
soil erosion;
Degree of P Saturation – the percentage of P saturation that a soil has reached. Soil P
saturation (the maximum amount of P that a soil can hold) includes all forms of P and can be
determined by extraction with the Mehlich-3 method (Maguire and Sims, 2002; Sims et al.,
2002).
Nutrient management plans that focus on P, base allowances for litter applications on soil P
saturation. However, soil P saturation does not predict potential environmental problems. Water
soluble P and particulate P are primary contributors to watershed eutrophication and encompass a
variety of P complexes. Furthermore, transition of P from organic to inorganic form is a dynamic
15

process within soil (Dibb, 2002); therefore it is difficult to isolate one P form in litter or soil analyses
that would predict eutrophication potential. This argument has been debated in the literature (Vadas
et al., 2004; Maguire et al., 2005). In addition, further variables can affect P loss from land applied
manure, e.g. type of cropping and tillage system, percent slope, soil type, soil pH, amount and
intensity of precipitation, method and timing of fertilizer and manure applications, as well as many
other factors (G. Mullins, Virginia Tech, Blacksburg, VA).
Dietary P is essential for adequate skeletal development and growth, which is particularly
important for rapidly growing large toms. If adequate amounts of this mineral are not provided, the
consequences are physiologically and economically disastrous (Waldroup, 1999). Excessive levels of
P are commonly incorporated into diets to ensure nutritional requirements are met, due in part to the
fact that the availability of P in feed ingredients is highly variable (Van der Klis and Versteegh,
1996). The inclusion of non-phytate phosphorus (nPP) containing ingredients in the diet is essential
to meet P requirements of the growing bird. The chemical definition of nPP is the entity calculated
by subtracting the analyzed phytate phosphorus (PP) content of an ingredient or feed from its
analyzed total P content (Angel and Applegate, 2001). It has been determined that 28.2% of the
phytate molecule is P (Angel et al., 2002). Non-phytate P in the diet is more readily absorbed and
metabolized, as opposed to bound P found in PP that is not completely absorbed and thus excreted
into litter. Altering P levels in the diet may lead to less excreted P and stress on the environment;
however, performance variables including EW, FCR and processing yields could be negatively
impacted. This may result in decreased profit for the producer as well as poor animal welfare due to
various skeletal abnormalities (Rath et al., 2000). Feeding nPP at higher levels than NRC (1994)
recommendations has demonstrated benefits for bone strength and mineralization, but due to
environmental concerns, a balance is necessary (Robeson et al., 2004). The level of P in diets,
especially ingredients that provide nPP, also significantly impacts diet cost. Thus, dietary cost along
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with animal health, performance and environmental impact must be considered when determining P
use in poultry diets.
Phase feeding management has been implemented in commercial turkey production in order
to meet birds’ needs for nutrients depending on body weight and/or age with a variety of specific diet
formulations. Because body tissues do not grow and develop at the same time or rate, nutrients are
required at different levels during various periods of time. The nPP requirement for turkeys has been
shown to decrease with age (Day and Dilworth, 1962; Sullivan, 1962). Therefore, the finisher phase
represents an opportunity to reduce dietary nPP and litter P due to decreased skeletal growth and high
volume consumption. The objective of this research was to assess genetic strain and finisher diet nPP
level effects on performance and litter composition of large tom turkeys.
MATERIALS AND METHODS
Two strains of turkey, Nicholas (Aviagen Group; EW Group, Visbek, Germany) and Hybrid
(Hybrid Turkeys; Hendrix Genetics, Boxmeer, Netherlands), were used for both experiment (Exp) 1
and 2. Male poults were placed on fresh wood shavings on top of concrete flooring at d 1 and
allocated equally to 16 (6.1 x 5.2 m) pens throughout the West Virginia University Reymann
Memorial Farm Turkey Research Facility. The barn utilized tunnel ventilation and radiant brooders.
Feed and water were provided for ad libitum consumption with bell drinkers and an augered feed pan
system. In addition, each pen contained an automated bird and feed dump scale (Chore-Time Brock
Incorporated, Milford, IN). In Exp 1, 8 pens of 76 Nicholas 88x700 poults (n = 608) and 8 pens of
76 Hybrid Converter poults (n = 608) were placed on d 1. In Exp 2, 8 pens of 90 Nicholas TP5
poults (n = 720) and 8 pens of 90 Hybrid Converter poults (n = 720) were placed on d 1.
Temperature and lighting programs followed standard industry protocols (Virginia Poultry Growers
Cooperative, 2009-2010).
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Phase feeding was practiced in each Exp, in which 6 unique diets were fed. For Exp 1, diet
phase implementations were as follows: starter 1 (d 1-14), starter 2 (d 15-35), grower 1 (d 36-70),
grower 2 (d 71-91), finisher 1 (d 92-112), and finisher 2 (d 113-136). For Exp 2, diet phase
implementations differed slightly from those of Exp 1 and were as follows: starter 1 (d 1-14), starter
2 (d 15-35), grower 1 (d 36-56), grower 2 (d 57-77), finisher 1 (d 78-112), and finisher 2 (d 113-126).
Pelleted diets were fed during all phases except starter 1 and 2 that utilized crumbled feed. Diets
were formulated to industry standards and treatments were only applied to finisher diets, in which
either normal (norm) or low dietary nPP levels were provided. The differing nPP diets were
implemented during the finisher 2 phase for Exp 1 and both the finisher 1 and 2 phases for Exp 2.
All diets were manufactured at a commercial feed mill (Virginia Poultry Growers Cooperative,
Broadway, VA). Diets contained corn, soybean meal, poultry by-product meal, wheat middlings,
animal/vegetable blended fat, a commercial phytase, defluorinated P and monocalcium P. Diet
formulations were proprietary; however, proximate analysis and P assays were conducted on diets
(NP Analytical Laboratories, St. Louis, MO). The low nPP diets for both Exp 1 and 2 were created
by decreasing and/or removing rock P ingredients. In Exp 1, the finisher 2 diet was analyzed to
contain norm and low percent total P of 0.55 and 0.46, respectively, and norm and low percent nPP
was calculated using analyzed phytic acid to be 0.37 and 0.31, respectively. Thus, nPP was reduced
between norm and low treatments by 19% for a 23 d period. Exp 2 diet analysis and P assay results
are shown in Table 1. Briefly, nPP levels were reduced between norm and low treatments by
approximately 5% for a 48 d period. The lack of similarity of nPP reduction between studies may be
associated with a compounding calculation error of total P and phytic acid analysis or the fact that
these diets were prepared in a commercial feed mill during a standard work day, that would likely
decrease batching/mixing precision relative to a research oriented feed mill.
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Performance data including EW, FCR and pen mortality percentage were measured weekly
throughout both studies (Exp 1 and 2 data shown in Tables 2 and 5, respectively). Automated bird
and feed scales were calibrated routinely and individual bird weights were manually taken to confirm
the automated bird scale accuracy. Five individual litter samples were collected from standardized
pen locations (each corner and in the center), pooled, and mixed together by hand. This resulted in
each pen having a one kg sample for analysis (n = 16). Each sample was then sent to a lab and
analyzed for total P and inorganic P (New Jersey Feed Laboratory Incorporated, Ewing, NJ) (Exp 1
and 2 data shown in Tables 4 and 7, respectively). Inorganic P was determined because this form of
P is most immediately available to plants for growth. Analysis of total P consisted of a test portion of
the litter sample being dry-ashed, treated with nitric acid, and dissolved in HCl. Total P was then
determined by ICP emission spectroscopy (AOAC method 985.01). Analysis of inorganic P
consisted of a direct extraction method. A test portion of the litter sample was extracted with
ammonium citrate at pH 7.0 in the presence of disodium ethylenedinitrilotetraacetic acid (EDTA) to
complex calcium and magnesium. Inorganic P was then determined colorimetrically and percent
P2O5 (phosphorus pentoxide) was calculated (AOAC method 993.31). Litter samples were taken on
d 112 and d 136 for Exp 1, and on d 78 and d 126 for Exp 2 to coincide with pre and post dietary nPP
treatment administration. At the end of each Exp, toms were transported to a commercial processing
plant (Virginia Poultry Growers Cooperative, Hinton, VA) where descriptive processing yields were
measured from a sample of 50 birds per strain (Exp 1 and 2 data shown in Tables 3 and 6,
respectively). Measurements included average canner weight, canner yield, average breast weight,
and breast yield. Canner weight was defined as the weight of the canner pack, or a turkey carcass
without neck and giblets, that is destined to be further processed. Both experiments were conducted
according to West Virginia University animal care guidelines (Animal Care and Use Committee,
protocol #08-0904).
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Statistical Methods
All data were statistically analyzed using the GLM procedure of Statistical Analysis System
(SAS Institute, 2009). The experimental unit for all live production measurements was a pen of 76
and 90 birds for Exp 1 and 2, respectively. Initially the studies were analyzed using strain as the only
factor (data not shown). After initiation of nPP treatments, each study was analyzed as a factorial.
The 2 (Strain) x 2 (nPP Level) factorial randomized complete block design utilized 4 replicate pens
per treatment (8 replicate pens per main effect). The main effects of Strain and nPP Level as well as
the Strain x nPP Level interactions were tested. Fisher’s least significant difference multiple
comparison tests were used to further compare treatment means. Linear and quadratic regression
analyses were performed in order to generate prediction equations for FCR and grow-out time in Exp
2 since EW differed. If relationships were not significantly quadratic then the quadratic term was
removed from the model. Statistical significance was based on P ≤ 0.05. Letter superscripts were
used to indicate differences among means.
RESULTS
Experiment 1: Comparisons of Nicholas 88x700 and Hybrid Converter showed that both strains had
similar d 136 EW and d 1-136 mortality percentage (P = 0.843 and 0.244, respectively; Table 2). A d
1-136 FCR difference was observed between strains (P = 0.022) with the Hybrid toms showing a 9point improvement. There were no interactions between strain and nPP level for EW, FCR or
mortality percentage (P = 0.335, 0.592 and 0.823, respectively). After tom processing, greater
average canner weight and canner yield were indicated for the Nicholas 88x700, while the Hybrid
Converter toms demonstrated a greater average breast yield (descriptive data shown in Table 3).
Changes in dietary nPP in the final finisher diet (d 113-136) did not influence tom EW, FCR or
mortality percentage (P = 0.742, 0.734 and 0.172, respectively). Total P and inorganic P levels in
the litter prior to changing dietary nPP levels did not differ between strains (P = 0.930 and 0.548,
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respectively; Table 4). There were no main effects or interactions on litter P variables after toms
consumed the final finisher diet (P > 0.05).
Experiment 2: Nicholas TP5 toms had a d 126 EW of 0.68 kg/bird heavier than Hybrid Converter
toms (P = 0.045; Table 5). However, a 3-point improved d 1-126 FCR was shown by Hybrid
Converter toms (P < 0.0001). Both strains had similar d 1-126 mortality percentage (P = 0.258).
There were no interactions between strain and nPP level for EW, FCR or mortality percentage (P =
0.465, 0.157 and 0.346, respectively). After processing, greater average canner weight, breast weight
and breast yield were indicated for the Nicholas TP5, while the Hybrid Converter toms demonstrated
a greater average canner yield (descriptive data shown in Table 6). Total P and inorganic P levels in
litter prior to changing dietary nPP level in the last 2 finisher phases did not differ (P = 0.640 and
0.401, respectively; Table 7). Changes in dietary nPP levels in the finisher 1 (d 78-112) and 2 (d
113-126) diets did not influence bird EW, FCR or mortality percentage (P = 0.540, 0.871 and 0.878,
respectively). There were no main effects or interactions on litter P variables after toms consumed
the finisher 1 and 2 diets (P > 0.05); however, a trend towards decreased total P in the litter was
observed in pens that housed toms fed the low nPP diets (P = 0.065).
DISCUSSION
It is important to note that each strain followed breeder company expected performance
standards throughout grow-out in both studies (Aviagen Group; EW Group, Visbek, Germany and
Hybrid Turkeys; Hendrix Genetics, Boxmeer, Netherlands). Performance differences were apparent
between strains and similar results have been identified in past strain comparison research (Roberson
et al., 2003). Arguably, when comparing strains that vary in EW at a predetermined time, it is useful
to adjust performance data to estimate FCR at a similar EW or estimate the time at which a desired
EW was met (Case et al., University of Guelph, Ontario, Canada; Vaillancourt, North Carolina State
University, Raleigh, North Carolina). Therefore, linear and quadratic regressions incorporating
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weekly performance variables were used to create prediction equations. However, equations and
predictions varied based on the number of weekly performance variables used. For example, using
the Exp 2 Hybrid Converter as a basis for comparison with a 17.22 kg EW, 2.18 FCR and 126 d (18
wk) grow-out time, the Nicholas TP5 estimates for FCR and grow-out time differed depending on the
number of weekly performance variables used to create the equation, i.e. 18 (wk 1-18), 9 (wk 10-18)
or 3 (wk 16-18) (Table 8). Using all 18 weekly ending weights the relationship between EW and wk
was quadratic (P < 0.0001) and the relationship between FCR and EW was also quadratic (P <
0.0001). This data set predicted that the time for Nicholas TP5 toms to reach the same EW as Hybrid
toms would be 5 days shorter with a 3-point decrease in FCR. Using 9 weekly ending weights the
relationship between EW and wk was linear (P < 0.0001) and the relationship between FCR and EW
was quadratic (P = 0.0098). This data set predicted that the time for Nicholas TP5 toms to reach the
same EW as Hybrid toms would be 4 days shorter with a 2-point decrease in FCR. Using only 3
weekly ending weights the relationship between EW and wk was linear (P < 0.0001) and the
relationship between FCR and EW was linear (P < 0.0001). This data set predicted that the time for
Nicholas TP5 toms to reach the same EW as Hybrid toms would be 4 days shorter with a 2-point
decrease in FCR. These prediction equations are interesting; however, determining the number of
data points to incorporate into the generation of the equation may cause the predictions to vary,
making it difficult to make accurate conclusions. Regardless, all prediction equations had high
coefficients of determination (R2) and demonstrated that Nicholas TP5 growout time would be
reduced and FCR would be decreased relative to Hybrid Converter strains. In addition, an improved
FCR and shorter grow-out period would relate to a decrease in total litter volume, potentially
reducing overall litter P amounts. Our research also showed differences in carcass characteristics
between strains, although data was descriptive and did not account for any nPP effect because
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logistically toms could only be separated into 2 groups when delivered to the processing plant. Past
research has shown carcass differences between strains (Werner et al., 2008).
Feeding a low nPP diet creates a potential for negative effects on tom skeletal development
and growth. Given that decreasing nPP maintained performance variables in Exp 1, an earlier and
prolonged decrease was tested in Exp 2. Experiment 2 also demonstrated that decreasing nPP
maintained performance variables to that of norm nPP fed toms. Similar performance results have
been shown in past research that explored feeding reduced nPP diets (Applegate, et. al., 2008). The
current study demonstrates that slight decreases of dietary nPP, which could decrease diet and overall
production cost, did not have a negative impact on bird EW, FCR or mortality percentage.
The extended exposure to low nPP diets in Exp 2, despite the lower percentage decrease
between norm and low diets relative to Exp 1, decreased total litter P (P = 0.065). During Exp 1,
toms were fed either the norm or low nPP diet for 23 d (each pen consuming an average of 1,022 kg),
as compared to Exp 2 where toms were fed either the norm or low nPP diet for 48 d (each pen
consuming an average of 1,888 kg). The low nPP diets for both Exp 1 and 2 were formulated by
removing rock P (which is highly available to the bird) making the primary dietary treatment
difference nPP because dietary PP should have been similar. Biological systems are not 100%
efficient in converting P that is fed into body tissues. Therefore, a limit exists on how much of an
impact decreasing nPP in the diet can have on concentration of excreted P (Powers and Angel, 2008).
It is commonly assumed that poultry are unable to utilize PP; however, research has shown that birds
may be capable of using a portion of PP, and that the availability of inorganic P is less than 100%
(Waldroup, 1999). The reduction in total litter P in Exp 2 of the current study was likely due to
greater feed consumption of the experimental diets and efficiency of P retention. Previous poultry
research has established similar results concerning reduced dietary nPP and litter P concentrations
(Plumstead, et. al, 2007; Roberson et al., 2004; Maguire, et al., 2005)
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Research has also suggested that a decrease in litter total P resulting from phytase use in low
nPP diets, may increase litter water soluble P (Vadas et al., 2004). This elevated amount of water
soluble P could lead to an increased potential for P runoff following land application. However,
Maguire and coauthors (2005) reported that water soluble P losses from amended soils rapidly
decreased after an initial rainfall event. These authors concluded that water soluble P losses account
for only 9.3% of total P losses, and concerns over water soluble P applications are arguably shortterm following land application and the reduction of total P losses should be the main criteria
targeted. Litter concentrations of inorganic P in the current study were not affected by dietary nPP
treatments.
The results of both Exp 1 and 2 demonstrate that genetic selection has the potential to effect
live performance and carcass characteristics, thus profitability. In addition, small reductions of nPP
(5%) provided for adequate time in finisher diets (48 d) has potential to reduce diet cost as well as
environmental impacts without negative performance effects.
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TABLES

TABLE 1. Diet Proximate Analysis and Phosphorus1 Assays Experiment 2

% Moisture
% Protein
% Fat
% Crude Fiber
% Ash
%Total Phosphorus
% Phytic Acid
% nPP2 3
1

Starter
1

Starter
2

Grower
1

Grower
2

Finisher 1
Norm4 nPP

Finisher 1
Low nPP

Finisher 2
Norm nPP

Finisher 2
Low nPP

10.4
26.3
10.7
2.95
6.84
0.915
1.000
0.633

12.3
22.3
11.1
2.5
6.3
0.875
0.859
0.633

12.2
24.9
8.99
2.79
6.15
0.894
0.904
0.639

12.0
22.9
9.7
2.32
5.88
0.792
0.839
0.555

12.1
20.2
11.1
2.25
5.58
0.752
0.620
0.577

12.2
20.8
10.1
2.46
5.4
0.769
0.767
0.553

12.2
16.7
11.8
2.41
4.84
0.564
0.593
0.397

12.6
16.6
11.9
2.53
4.25
0.571
0.671
0.382

Diet proximate analysis/phosphorus assays conducted on feed samples, NP Analytical Laboratories, St. Louis, MO.
nPP = Non-Phytate Phosphorus
3
% Non-phytate phosphorus was calculated by (% Total Phosphorus – (0.282 x % Phytic Acid)). It has been determined
that 28.2% of phytic acid is phosphorus (Angel et al., 2002). It is important to note that all diets contained a phytase, and
the % nPP calculation does not account for any P sparing effect. The % nPP would need to be elevated by 0.1% to
approximate the % nPP of the diet formulation.
4
Norm = Normal
2
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TABLE 2. Main Effects of Strain and Dietary Non-Phytate Phosphorus Level on Ending Tom
Performance Experiment 1
Ending Weight d 136
Feed Conversion Ratio1 d 1-136
Mortality %2
(kg)
(kg/kg)
d 1-136
Nicholas Low nPP3
Nicholas Norm4 nPP
Hybrid Low nPP
Hybrid Norm nPP
ANOVA P-value

20.02
19.85
19.71
20.05
(lbs/bird)
0.758

Nicholas 88x700
Hybrid Converter
Low nPP diets5
Norm nPP diets6

2.25
2.25
2.14
2.17
0.111

14.16
11.81
16.92
13.71
0.342

19.94
19.89

2.25a
2.16b

12.98
15.31

19.87
19.95

2.20
2.21

15.54
12.76

Marginal Means

Strain effect
nPP effect
Strain x nPP
SEM
1

Main Effects and Interaction Probabilities
0.843
0.022
0.742
0.734
0.335
0.592
0.391
0.023

Feed conversion ratio (Feed:Gain) was calculated using mortality weight.
Mortality percentage is based on a beginning pen number of 76.
3
nPP = Non-Phytate Phosphorus.
4
Norm = Normal.
5
Low Non-Phytate Phosphorus had 0.31% nPP.
6
Normal Non-Phytate Phosphorus had 0.37% nPP.
a-b
Values within columns with different superscripts differ significantly (P<0.05).
2
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0.244
0.172
0.823
1.324

TABLE 3. Descriptive Processing Data Experiment 1 (Day 136)
Canner Wt.1
Canner Wt Yield of
Strain
(kg)
Live Wt. (%)
Nicholas 88x700
17.09
84.46
Hybrid Converter
16.43
83.84
1

Data was averaged from 50 toms of each strain processed in a commercial facility.
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Breast Wt.1
(kg)
3.96
3.96

Breast Yield of
Canner Wt. (%)
23.18
24.09

TABLE 4. Main Effects of Strain and Dietary Non-Phytate Phosphorus Level on Phosphorus
Content of Litter Experiment 1

Nicholas Low nPP3
Nicholas Norm4 nPP
Hybrid Low nPP
Hybrid Norm nPP
ANOVA P-value

Total P1
level in litter at d
112 (%)

Inorganic P2 level
in litter at
d 112 (%)

Total P
level in litter at d
136 (%)

Inorganic P level
in litter at d 136
(%)

1.00
1.07
1.01
1.08
0.367

0.90
0.94
0.93
0.96
0.733

1.08
1.09
1.11
1.07
0.751

0.94
0.95
0.93
0.93
0.951

1.08
1.09

0.94
0.93

1.10
1.08

0.94
0.93

Main Effect and Interaction Probabilities
0.930
0.548
0.719
0.292
1.000
0.425
0.504
0.272
0.294
0.029
0.023
0.019

0.646
0.646
0.393
0.017

Nicholas 88x700
Hybrid Converter

1.03
1.04

Low nPP diets5
Norm nPP diets6

1.01
1.06

Strain effect
nPP effect
Strain x nPP
SEM
1

Marginal Means
0.92
0.94
0.93
0.93

P = Phosphorus.
Neutral Ammonium Citrate - inorganic phosphorus analysis conducted on “as is” litter samples, New Jersey Feed Lab
Inc., Trenton, NJ.
3
nPP = Non-Phytate Phosphorus.
4
Norm = Normal.
5
Low Non-Phytate Phosphorus had 0.31% nPP.
6
Normal Non-Phytate Phosphorus had 0.37% nPP.
2
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TABLE 5. Main Effects of Strain and Dietary Non-Phytate Phosphorus Level on Ending Tom
Performance Experiment 2
Ending Weight d 126
(kg)

Feed Conversion Ratio1 d 1-126
(kg/kg)

Mortality %2
d 1-126

Nicholas Low nPP3
Nicholas Norm4 nPP
Hybrid Low nPP
Hybrid Norm nPP
ANOVA P-value
LSD5
SEM

17.70
18.10
17.24
17.21
0.165
0.638

2.21a
2.21a
2.18b
2.18b
<.0001
0.006
0.002

8.25
9.56
11.70
9.89
0.513
1.570

Nicholas TP5
Hybrid Converter

17.90a
17.22b

2.21a
2.18b

8.90
10.80

Low nPP diets6
Norm nPP diets7

17.47
17.65

2.20
2.20

9.97
9.73

Marginal Means

Strain effect
nPP effect
Strain x nPP
1

Main Effects and Interaction Probabilities
0.045
<.0001
0.540
0.871
0.465
0.157

Feed conversion ratio (Feed:Gain) was calculated using mortality weight.
Mortality percentage is based on a beginning pen number of 90.
3
nPP = Non-Phytate Phosphorus.
4
Norm = Normal.
5
Fisher’s least significant difference.
6
Low Non-Phytate Phosphorus had 0.55 and 0.38% in finisher 1 and 2, respectively.
7
Normal Non-Phytate Phosphorus had 0.58 and 0.40% in finisher 1 and 2, respectively.
a-b
Values within columns with different superscripts differ significantly (P<0.05).
2
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0.258
0.878
0.346

TABLE 6. Descriptive Processing Data Experiment 2 (Day 126)

1

Strain

Canner Wt.1
(kg)

Canner Wt Yield of
Live Wt. (%)

Breast Wt.1
(kg)

Breast Yield of
Canner Wt. (%)

Nicholas TP5
Hybrid Converter

14.96
14.67

82.66
83.54

3.38
3.28

22.62
22.36

Data was averaged from 50 toms of each strain processed in a commercial facility.
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TABLE 7. Main Effects of Strain and Dietary Non-Phytate Phosphorus Level on Phosphorus
Content of Litter Experiment 2
Total P1
Inorganic P2
Total P
Inorganic P
level in litter at d
level in litter at
level in litter at
level in litter at
82 (%)
d 82 (%)
d 126 (%)
d 126 (%)
Nicholas Low nPP3
Nicholas Norm4 nPP
Hybrid Low nPP
Hybrid Norm nPP
ANOVA P-value
LSD5
SEM

1.07
1.03
1.10
1.04
0.586

0.83
0.82
0.89
0.83
0.585

1.19
1.26
1.22
1.28
0.229

0.91
0.91
0.91
0.93
0.808

0.039

0.037

0.032

0.017

Nicholas TP5
Hybrid Converter

1.05
1.07

1.23
1.25

0.91
0.92

Low nPP diets6
Norm nPP diets7

1.09
1.04

1.21
1.27

0.91
0.92

Main Effect and Interaction Probabilities
0.640
0.401
0.426
0.218
0.368
0.065
0.826
0.557
0.787

0.727
0.532
0.532

Strain effect
nPP effect
Strain x nPP
1

Marginal Means
0.82
0.86
0.86
0.82

P = Phosphorus.
Neutral Ammonium Citrate - inorganic phosphorus analysis conducted on “as is” litter samples, New Jersey Feed Lab
Inc., Trenton, NJ.
3
nPP = Non-Phytate Phosphorus.
4
Norm = Normal.
5
Fisher’s least significant difference.
6
Low Non-Phytate Phosphorus had 0.31% nPP.
7
Normal Non-Phytate Phosphorus had 0.37% nPP.
2
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TABLE 8. Nicholas TP5 Performance Predictions Experiment 2
Weekly
Relationship
Predicted
R2
Relationship
Data
Between EW2 3
Time4
Between FCR5
Points1
and Week
(wk)
and EW
18
9
3
1

Quadratic7
Linear9
Linear11

17.27
17.47
17.49

0.995
0.993
0.900

Quadratic8
Quadratic10
Linear12

Predicted
FCR6
(kg/kg)

R2

2.15
2.16
2.16

0.993
0.976
0.862

Number of weekly data points used in the prediction equation.
EW = Ending Weight.
3
EW used in pounds in prediction equations.
4
Predicted time for Nicholas TP5 toms to reach Hybrid Converter tom 18 wk EW of 17.22 kg.
5
FCR = Feed Conversion Ratio.
6
Predicted Nicholas TP5 tom FCR at the same 18 wk 17.22 kg (37.95 pounds) EW as Hybrid Converter toms. For
comparison, Hybrid Converter toms had a FCR of 2.18.
7
EW = -1.383048407 + 0.790550745(wk) + 0.086105118(wk)2
8
FCR = 1.132046955 + 0.041989769(EW) + (– 0.000402044)(EW)2
9
EW = 3.04208333(wk) + (– 15.20861111)
10
FCR = 1.300809540 + 0.028056389(EW) – 0.000142929(EW)2
11
EW = 3.02312500(wk) + (-14.93145833)
12
FCR = 0.023364073(EW) + 1.274082114
2
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Chapter 3: Lysine Degradation
Introduction: Lysine is an essential amino acid used for many different functions in growing
animals and is frequently the limiting amino acid in cereal grain-based diets for livestock species
(Kiess et al., 2008). It is the second-limiting amino acid in poultry diets (after methionine) and its
main purpose is for protein synthesis (Baker and Han, 1994). Decreasing the rate that animals
degrade lysine will increase its availability for growth (Kiess et al., 2006). Lysine is one amino acid
in particular that decreases in turkey diets over time (Hybrid, 2011; Nicholas, 2010). The availability
of lysine has been shown to directly limit bird growth. It can either be degraded and used for energy
in the body or used for the synthesis of protein that would be associated with the production of breast
meat in commercial poultry. The more efficiently an animal utilizes lysine, the greater the potential
for breast yield economic return.
The primary route of lysine oxidation is via the lysine α-ketoglutarate reductase (LKR)
pathway (see Figure 1). In this pathway, lysine and α-ketoglutarate are converted to saccharopine by
LKR. Then saccharopine is converted to α-aminoadipate semialdehyde and glutamate by
saccharopine dehydrogenase (SDH) (Manangi et al., 2005).
Figure 1. Lysine Oxidation Pathway
Lysine
NADPH, α-KG
Lysine α-Ketoglutarate Reductase (LKR)
NADP
Saccharopine
NAD
Saccharopine Dehydrogenase (SDH)
Glutamate, NADH
α-aminoadipate δ-semialdehyde
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Objectives: The objective of our research was to determine performance and lysine
degradation differences between two turkey strains using a research facility that mimics a commercial
production setting.
Materials and Methods: At the end of experiment 1, liver samples were extracted from
euthanized toms (n = 10) to obtain descriptive data concerning LKR and SDH activity: five Nicholas
88x700 and five Hybrid Converter strain. During experiment 2, one euthanized tom per pen during
week 0, 1, 2, 4, 8, 12, 16 and 17 was sampled and hepatic LKR and SDH activities were assessed:
Thus, a total of 64 birds from each of the two strains was sampled. For both experiments 1 and 2,
livers were harvested immediately after euthanization. Each liver sample was weighed then quickly
placed into an ice-cold H-buffer, which contained : 220 mM mannitol, 70 mM sucrose, 5 mM
HEPES, 5 mM 2-Mercaptoethanol, 1 mM EGTA, 0.05% (w/v) bovine serum albumin, with pH = 7.4.
Each sample was minced with a razorblade then homogenized using a Potter-Elvehjem device and
placed immediately on ice. A 25% (w/v) homogenate was prepared. Samples were then transported
back to West Virginia University on ice.

Collection and measurements of enzyme activity were always done on the same day. LKR
activity was measured using a Kinetics program on a Beckman Coulter Spectrophotometer DU 640.
Light absorbance was measured for 3 minutes in the presence or absence of added lysine to represent
disappearance of NADPH. LKR activity was measured by the addition of 25 µL of homogenate to a
cuvette containing 1 mL of reaction mixture. This mixture contained: 127.5 mM HEPES, 114.75
mM mannitol, 38.25 mM sucrose, 4.25 mM 2-Mercaptoethanol, 0.0425% bovine serum albumin,
0.21 mM NADPH, 12.75 mM α-ketoglutarate, 0.05% (v/v) Triton-X 100 and plus/minus 50 mmol Llysine, with pH = 7.8. Reactions were started by the addition of lysine. Light absorbance was
measured for 3 minutes to represent appearance of NADH. SDH activity was measured by the
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addition of 25 µL of homogenate to a cuvette containing 1 mL of reaction mixture. This mixture
contained: 100 mM Tris-HCl, 3 mM NAD, 5 mM 2-Mercaptoethanol, 0.5% (v/v) Triton X-100 and 2
mM L-saccharopine, with pH = 8.7. Reactions were started with the addition of saccharopine. All
LKR and SDH reactions were assayed in duplicate. Experiment 1 assays occurred at one time at the
end of the study; thus means are given for each strain. Experiment 2 data were analyzed by ANOVA
using the GLM procedure of Statistical Analysis System (SAS Institute, 2009). The main effects of
strain and week were assessed, as well as strain by week interactions (n = 8 birds/strain/week). If
there were no strain effects, data from both strains were pooled and analyzed for week effect.
Statistical significance was based on P ≤ 0.05.

Experiment 1 Results and Discussion: Lysine degradation (d 136) was greater in Nicholas
88x700 as compared to Hybrid Converter toms, with an average LKR activity of 312 and 118 nmol
NADPH consumed/g liver/min, respectively (data shown in Figure 2). SDH activity was also greater
in Nicholas 88x700 as compared to Hybrid Converter toms, with an average SDH activity of 561 and
480 nmol NADH produced /g liver/min, respectively (data shown in Figure 3). Nicholas 88x700
toms had an increased feed conversion ratio (feed/gain), which was supported by the increased
enzyme activity. Hybrid Converter toms would be the preferred genetic strain, showing more
efficiency with a reduced feed conversion ratio, thus having less lysine degradation.
Experiment 2 Results and Discussion: Hybrid Converter and Nicholas TP5 toms did not
differ in LKR or SDH activity (P > 0.05); however, week had an effect on the activities of these
enzymes (data shown in Figure 4). A decrease in LKR activity over time was observed (P < 0.05).
Average LKR activity across weeks was 240 nmol NADPH consumed/g liver/min. SDH activity was
also affected by week (P < 0.0001), and was greatest during week 8 (data shown in Figure 5). This
could be due to many factors, such as a difference in diet formulation. Diets were formulated and
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manufactured in a commercial feed mill, making it difficult to control feed used for research.
Average SDH activity across weeks was 420 nmol NADH produced/g liver/min. A decrease in
enzyme activities would be associated with toms being less efficient as they age. Differences in
average enzyme activities between the two experiments may be due to season, with experiment 1
ending in the winter and experiment 2 ending in the summer. Although strains did not differ in LKR
and SDH activities, a difference was seen in performance. Nicholas TP5 toms had an improved feed
conversion ratio, thus being the preferred strain.
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Chapter 4: Report for Virginia Poultry Growers Cooperative Experiment 1
VPGC-WVU Strain Performance and Phosphorus Excretion Study (1) Final Report

Initial Plan of Work
Research Objectives
1) To provide turkey rearing experience for WVU staff and assess the rearing effectiveness
of the newly remodeled research barn.
2) To assess growth performance differences between Nicholas and Hybrid strains of male
turkey.
3) To assess changes in phosphorus deposition in litter due to strain and available
phosphorus fluctuations in finisher diets.
Experimental Design
Poult Placement
-Male poults will be placed on fresh wood shavings at a density of 80 poults per pen. Each of two
breeds of poults will be allocated to an equal number of pens throughout the research barn.
8 pens of 80 Nicholas male poults – 640 total
8 pens of 80 Hybrid male poults – 640 total
Poult sourcing and allocation will be the responsibility of VPGC.
Poult performance will be measured by WVU and will include pen feed intake, poult live weight
gain, feed conversion ratio, and pen mortality percentage. Measurements will be taken over each
phase of growth and continue until the birds are 138 days of age.
West Virginia University will perform statistical analyses to assess significant differences among
strain performance variables.

42

Feed Manufacture
- All diets in the VPGC directed multiphase feeding program will be formulated, manufactured and
delivered to the WVU farm by VPGC. Diet formulation and manufacture will be similar for all birds
until week 15, at which diet formulations will contain either normal levels of available phosphorus or
reduced levels of available phosphorus. For this last phase of growth the statistical analysis will
include a 2 x 2 factorial design, with main effects of breed and available phosphorus level.

Bird Husbandry
-Poult and tom husbandry will be the responsibility of WVU; however, VPGC protocols will be
followed.

Litter Analysis
-During week 14 and on day 138, WVU will take several litter samples from standardized locations
within a pen then pool those samples. Litter samples will be analyzed for total phosphorus and water
soluble phosphorus i.e. NAC-available phosphorus. These tests will be performed by New Jersey
Feed Laboratory and will cost approximately $1,600.
Total phosphorus analysis – 32 samples @ $19 per sample
NAC-available phosphorus analysis – 32 samples @ $30 per sample
Appropriate statistical analysis will be performed by WVU to demonstrate difference or similarity of
phosphorus excretion by breed at week 14 and if changing available phosphorus in diets at week 15
through day 138 alters these results.

Carcass Characteristics
-Toms will be loaded onto VPGC trucks and hauled to the VPGC processing plant. Processing data,
such as carcass weight and yield may be obtained at VPGC’s discretion.
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Figure 1. Facility Layout
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Results and Discussion
Table 1. Day 0 - 35 Strain Performance.
Strain

Nicholas
Hybrid

Day 0
poult
wt.
(lbs)
0.128a
0.122b

P-value
LSDc

0.0003
0.002

D 10
poult wt.
(lbs)

D 0-10
pen fcrb

D 0-10
mortality
(%)

D 35 poult wt.
automated scale
(lbs)

D 35 poult wt.
individually
weighed (lbs)

D 35 pen wt.
standard
deviations (lbs)

0.573
1.26
1.48
4.268b
4.124
0.534b
0.575
1.24
0.16
4.478a
4.279
0.592a
ANOVA P-value and Fischer’s least significant difference multiple comparison test
0.6449
0.2716
0.0544
0.0569
0.0121
0.0376
0.154
0.054

D 0-35
fcrb

D 0-35
mortality
(%)

1.40
1.38

3.62
5.43

0.3709

0.1974

a

live weight gain
feed conversion ratio (corrected for mortality)
c
Fischer’s least significant difference (a statistical multiple comparison test)
a-b
Means within a column without a common superscript differ significantly (P≤0.05)
b

Results Summary

Initial weight was significantly higher for Nicholas as compared to Hybrid poults.
Day 10 poult weight and Day 0 – 10 feed conversion ratio were not different between strains.
Day 0 - 10 mortality demonstrated a trend towards Nicholas poults having greater mortality compared to Hybrid poults.
Day 35 poult weight as determined with the automated scales in the turkey barn demonstrated significantly greater weight for
Hybrid compared to Nicholas strains. A similar trend was demonstrated when poults were weighed individually. On average
individual weights were 0.14 and 0.20 lbs less than automated weights for Nicholas and Hybrid poults respectively.
Day 35 poult weight uniformity within pen was significantly greater for Nicholas compared to Hybrid strains.
Day 0 - 35 feed conversion ratio and mortality were not different between strains.
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Table 2. Day 0 - 102 Strain Performance.
Strain

D 70 tom D 0-70
wt. (lbs) pen fcrb

Nicholas
Hybrid

15.321b
15.899a

P-value
LSDc

0.0078
0.3914

D 0-70
D 102 tom wt.
D 102 tom wt.
D 102 pen wt.
D 0-102
mortality
automated scale
individually
standard
fcrb
(%)
(lbs)
weighed (lbs)
deviations (lbs)
1.58
5.59
28.425
28.807
2.606
1.96
1.54
8.22
28.425
28.981
2.504
1.96
ANOVA P-value and Fischer’s least significant difference multiple comparison test
0.1638
0.0888
1.000
0.4994
0.5624
0.9294

D 0-102 mortality
(%)
8.06b
12.23a
0.0185
3.32

a

live weight gain
feed conversion ratio (corrected for mortality)
c
Fischer’s least significant difference (a statistical multiple comparison test)
a-b
Means within a column without a common superscript differ significantly (P≤0.05)
b

Results Summary
Day 70 weight was significantly higher for Hybrid as compared to Nicholas toms.
Day 0 - 70 feed conversion ratio and mortality were not different between strains.
Day 102 tom weight as determined with the automated scales in the turkey barn was not different between strains. A similar trend
was demonstrated when toms were weighed individually. On average individual weights were 0.38 and 0.56 lbs greater than
automated weights for Nicholas and Hybrid toms respectively.
Day 102 tom weight uniformity within pen was not different between strains.
Day 0 - 102 feed conversion ratio was not different between strains.
Day 0 - 102 mortality demonstrated greater percentages for Hybrid compared to Nicholas toms.
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Table 3. Day 0-126 Strain Performance.
Strain

Nicholas
Hybrid
P-value
LSDc

D 112
tom wt.
(lbs)
32.996
33.789

D 0-112
pen fcrb

D 0-112
D 119
D 0-119 pen
D 0-119
D 126 tom
mortality
tom wt.
fcrb
mortality (%)
wt. (lbs)
(%)
(lbs)
2.10a
10.21
36.100
2.17a
10.7
39.790
b
b
2.02
12.57
37.150
2.06
12.9
40.000
ANOVA P-value and Fischer’s least significant difference multiple comparison test
0.0987
0.1708
0.1473
0.2047
0.691
0.0186
0.0202
0.065
0.093

D 0-126 pen
fcrb
2.20a
2.11b
0.0199
0.072

D 0-126
mortality
(%)
11.83
13.54
0.3371

a

live weight gain
feed conversion ratio (corrected for mortality)
c
Fischer’s least significant difference (a statistical multiple comparison test)
a-b
Means within a column without a common superscript differ significantly (P≤0.05)
b

Results Summary
Day 112 tom weight and Day 0 – 112 mortality percentage were not different between strains. This trend continued through
the remainder of the study.
Day 0 - 112 feed conversion ratio was superior for Hybrid toms. This trend continued through the remainder of the study.
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Table 4. Main Effects of Strain and Diet Phosphorus Level on Ending Male Turkey Performance and Phosphorus Content of Litter.

Nicholas Low
P
Nicholas High
P
Hybrid Low P
Hybrid High P
ANOVA Pvalue

Ending
Weight
D136
(lbs/bird)

Pen Feed
Conversion
Ratio1 D0-136
(lbs/lbs)

Mortality
2
D0-136
(%)

Total P level in
litter at D112
(%)

Soluble P3 level
in litter at D112
(%)

Total P level in
litter at D136
(%)

Soluble P level
in litter at D136
(%)

44.13

2.25

14.16

1.00

0.90

1.08

0.94

43.75

2.25

11.81

1.07

0.94

1.09

0.95

43.45
44.20

2.14
2.17

16.92
13.71

1.01
1.08

0.93
0.96

1.11
1.07

0.93
0.93

0.7582

0.1105

0.3422

0.3672

0.7328

0.7514

0.9507

0.92
0.94

1.08
1.09

0.94
0.93

1.10
1.08

0.94
0.93

0.7191

0.6458

a

Marginal Means
12.98
1.03
15.31
1.04

Nicholas
Hybrid

43.94
43.83

2.25
2.16b

Low P diets
High P diets

43.79
43.98

2.20
2.21

Strain effect
Phosphorus
effect
Strain x
Phosphorus
SEM4

0.8432

0.0223

0.7422

0.7343

0.1719

0.2920

1.000

0.4252

0.6458

0.3354

0.5924

0.8231

0.5041

0.2723

0.2943

0.3925

0.3908

0.0232

1.3242

0.0292

0.0226

0.0190

0.0167

1

15.54
1.01
0.93
12.76
1.06
0.93
Main Effect and Interaction Probabilities
0.2444
0.9297
0.5483

Feed conversion ratio (Feed:Gain) was calculated using mortality weight
2
Mortality percentage is based on a beginning pen number of 76, thus if 10 birds die in a pen the resulting mortality percentage would be 13%
3
NAC-available phosphorus analysis conducted on “as is” litter samples, New Jersey Feed Lab Inc., Trenton, NJ
4
Standard Error of the Mean, an estimate of the amount that an obtained mean may be expected to differ by chance from the true mean.
a-b
Values within columns with different superscripts differ significantly (P<0.05)
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Results Summary
Summary information is based on statistical analyses performed on data collected at the Reymann Memorial Farm Turkey Research
Facility –
Nicholas and Hybrid toms had similar ending weight and mortality percentage.
Hybrid toms had significantly better feed conversion ratio.
Manipulation of dietary phosphorus level did not influence tom performance.
Total and soluble phosphorus levels in litter prior to changing phosphorus level in the diets were not different.
Total and soluble phosphorus levels in litter did not differ after toms consumed final diets that varied in phosphorus
level.
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Figure 2. Weekly Live Weight of Hybrid and Nicholas Toms Compared to their Respective Strain Standards
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Table 5. Descriptive Plant Data.
Line
count

Gross wt.1

Nicholas

525

Hybrid

514

Strain

Avg. bird live
wt. (lbs)

Avg. daily
weight gain
(lbs)

Avg. canner
wt.2 (lbs)

Avg. canner
wt. yield of
live wt. (%)

Avg. breast
wt.2 (lbs)

Breast yield of
canner wt. (%)

23,420

44.6

0.3280

37.67

84.46

8.73

23.18

22,220

43.2

0.3179

36.22

83.84

8.73

24.09

(lbs)

1

Weight was obtained by the difference between empty and loaded trailers. Scales are governed by Packers and Stockyards that require daily testing and annual
certification.
2
Data was obtained from 50 toms of each strain.

Results Summary
Nicholas toms demonstrated greater live weight, average daily gain, canner weight, and canner yield.
Hybrid toms demonstrated greater breast yield.
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Overall Study Conclusions based on Research Objectives

Research Objectives
1) To provide turkey rearing experience for WVU staff and assess the rearing effectiveness of
the newly remodeled research barn.
We believe that overall this objective was accomplished (Figure 1). We have learned much
during this first experiment and hope to implement changes to obtain more reliable research
data in the future. Specifics are discussed in the next objective.

2) To assess growth performance differences between Nicholas and Hybrid strains of male
turkey.
Based on data obtained from the Reymann Memorial Farm Turkey Research Facility strains
were similar in ending live weight, but differed in feed conversion. Hybrid toms
demonstrated a 9 point reduction in feed conversion ratio compared to Nicholas toms. Live
weight measured at the Reymann Memorial Farm, however, was not substantiated with live
weight measured at the VPGC plant. We do not have a firm explanation for this discrepancy,
but understand that there were procedural issues in the study that can be easily addressed.
We believe that there are three primary areas that can be improved upon in subsequent
studies.
a. Scale variation
The data collected from automated scales in the grow-out facility and scales used at
the VPGC plant did not provide similar weights. Automated scale weights were
confirmed by individually weighing birds on days 35 and 102. While these individual
weights did not provide the same average weights as the automated scales, trends plus
or minus were the same and of similar magnitude. Weights obtained by VPGC were
confirmed by canner weights that followed similar trends. A solution to preventing
scale discrepancies in future research would be to continually calibrate the automated
scale system throughout the next study. Chore-time will be consulted to achieve this
goal. In addition, more individual weigh days could be incorporated into the study
protocol. A potential downfall of increased frequency of individual weighing would
be increased stress on the toms that could result in greater mortality, especially
considering piling behavior that was observed during the day 102 weighing.
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b. Light intensity
Light intensity during grow-out was high relative to commercial production. We
believe that the high light intensity may have contributed to tom picking behavior and
consequent mortality and culling. A solution to decrease light intensity would be to
simply remove some of the fluorescent tubes after the first week of grow-out.
c. Pen management
The piling behavior of the toms was most apparent when someone entered the pen.
Upon piling, it is quite probable that toms could have jumped over pen barriers. This
situation would skew performance data. A solution to preventing toms from jumping
pens and consequently changing numbers of toms per pen would be to spray the toms
with a solution of soap and food coloring, so that each pen would have a color that
corresponds to treatment. If toms would jump pens then it would be easy to correct
the problem prior to confounding the study.

3) To assess changes in phosphorus deposition in litter due to strain and available phosphorus
fluctuations in finisher diets.
Live performance and litter composition of phosphorus were not affected due to dietary
phosphorus changes. Diet formulations were proprietary and feed samples for each diet
phase were not retained. Thus we do not know if dietary phosphorus was in fact different
between the two finishing diets. We do have an analysis on the low phosphorus finishing
diet of 0.46% total phosphorus, but have nothing to compare this value to. A solution to
better understanding dietary phosphorus levels in the diet would be to retain samples of all
diets and analyze these samples for total and available phosphorus. In addition, perhaps
phosphorus analysis should be conducted on a dry matter basis to prevent variations in litter
moisture from confounding the results.
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Chapter 5: Report for Virginia Poultry Growers Cooperative Experiment 2
VPGC-WVU Strain Performance and Phosphorus Excretion Study (2) Final Report

Initial Plan of Work
Research Objectives

1) To assess growth performance differences between Nicholas TP5 and Hybrid
Converter strains of male turkey.
2) To assess changes in phosphorus deposition in litter due to strain and Nonphytate
phosphorus (NPP) fluctuations in finisher diets.
Experimental Design
Poult Placement
-Male poults will be placed on fresh wood shavings at a density of 90 poults per pen. Each of
two strains of poults will be allocated to an equal number of pens throughout the research barn.
8 pens of 90 Nicholas TP5 male poults – 720 total
8 pens of 90 Hybrid Converter male poults – 720 total
Poult sourcing and allocation will be the responsibility of VPGC.
Poult performance will be measured by WVU and will include pen feed intake, poult live weight
gain, feed conversion ratio, and pen mortality percentage. Measurements will be taken over each
phase of growth and continue until the birds are 136 days of age. Automated scale
measurements will be confirmed with individual weighing of toms at least twice during the
production cycle.
Scales will be calibrated weekly.
Ten poults will be sacrificed for organ collection to assess changes in enzyme activity. These
poults will be weighed prior to sacrifice. Weights will be used in feed conversion calculations
but not used to determine mortality percentage.
West Virginia University will perform statistical analyses to assess significant differences among
strain performance variables.
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Feed Manufacture
- All diets in the VPGC directed multiphase feeding program will be formulated, manufactured
and delivered to the WVU farm by VPGC. Samples of each diet will be retained by WVU and
used for nutrient analysis. Diet formulation and manufacture will be similar for all birds until
approximately week 13, at which time diet formulations will contain either normal levels of NPP
or reduced levels of NPP (# 5 and 6 diets). For this last phase of growth the statistical analysis
will include a 2 x 2 factorial design, with main effects of strain and NPP level.

Bird Husbandry
-Poult and tom husbandry will be the responsibility of WVU; however, VPGC protocols will be
followed. Lighting intensity will be reduced relative to the first VPGC-WVU study.

Litter Analysis
-Immediately prior to week 13 and on day 136, WVU will take several litter samples from
standardized locations within a pen then pool those samples. Litter samples will be analyzed for
total phosphorus and NPP. These tests will be performed by New Jersey Feed Laboratory.
Appropriate statistical analysis will be performed by WVU to demonstrate difference or
similarity of phosphorus excretion by strain at immediately prior to week 13 and if changing
NPP in diets at week 13 through day 136 alters these results.

Carcass Characteristics
-Toms will be loaded onto VPGC trucks and hauled to the VPGC processing plant. Processing
data, such as carcass weight and yield, will be obtained at VPGC’s discretion.
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Results and Discussion
Table 1. Day 0-12 Strain Performance
Strain

D-0 Initial
Bird Weight
(lbs)
0.13a
0.12b

D-0 Initial
Pen Weight
(lbs)
11.62a
10.40b

D-12 Body
Weight (lbs)

D 0-12 Feed
Conversion
Ratio
1.12b
1.15a

D 0-12
Mortality
Percentage
1.14
0.57

Nicholas TP5
0.74a
Hybrid
0.71b
Converter
ANOVA P-value and Fischer’s least significant difference multiple comparison test
P-value
<.0001
<.0001
0.0004
<.0001
0.4101
c
LSD
0.0008
0.0761
0.0158
0.0067
Means within a column without a common superscript differ significantly (P≤0.05)
Fischer’s least significant difference (a statistical multiple comparison test)

a-b
c

Results Summary
D-0 initial bird weight and initial pen weight was significantly greater for Nicholas TP5
poults as compared to Hybrid Converter poults.
D-12 body weight was significantly higher for Nicholas TP5 poults as compared to
Hybrid Converter poults.
D 0-12 feed conversion was significantly lower for Nicholas TP5 poults as compared to
Hybrid Converter poults.
D 0-12 mortality percentage was not different between strains.

*Commercial Performance Objectives for Week 1:
Nicholas 88x700 males: body weight- 0.32 lbs; feed conversion ratio- 1.05
Hybrid Converter males: body weight- 0.36 lbs; feed conversion ratio- 1.06
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Table 2. Day 0-14 Strain Performance
Strain

D-14 Body Weight
D 0-14 Feed
D 0-14 Mortality
(lbs)
Conversion Ratio
Percentage
a
b
Nicholas TP5
0.89
1.14
1.22
Hybrid Converter
0.83b
1.16a
0.71
ANOVA P-value and Fischer’s least significant difference multiple comparison test
P-value
<.0001
<.0001
0.4697
LSDc
0.0193
0.0034
Means within a column without a common superscript differ significantly (P≤0.05)
Fischer’s least significant difference (a statistical multiple comparison test)

a-b
c

Results Summary
D-14 body weight was significantly higher for Nicholas TP5 poults as compared to
Hybrid Converter poults.
D 0-14 feed conversion ratio was significantly lower for Nicholas TP5 poults as
compared to Hybrid Converter poults.
D 0-14 mortality percentage was not different between strains.

*Commercial Performance Objectives for Week 2:
Nicholas 88x700 males: body weight- 0.88 lbs; feed conversion ratio- 1.11
Hybrid Converter males: body weight- 0.77 lbs; feed conversion ratio- 1.17
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Table 3. Day 0-21 Strain Performance
Strain

D-21 Body Weight
D 0-21 Feed
D 0-21 Mortality
(lbs)
Conversion Ratio
Percentage
a
b
Nicholas TP5
1.61
1.19
1.15
Hybrid Converter
1.57b
1.22a
0.86
ANOVA P-value and Fischer’s least significant difference multiple comparison test
P-value
0.0004
<.0001
0.6887
LSDc
0.0230
0.0030
Means within a column without a common superscript differ significantly (P≤0.05)
Fischer’s least significant difference (a statistical multiple comparison test)

a-b
c

Results Summary
D-21 body weight was significantly higher for Nicholas TP5 poults as compared to
Hybrid Converter poults.
D 0-21 feed conversion ratio was significantly lower for Nicholas TP5 poults as
compared to Hybrid Converter poults.
D 0-21 mortality percentage was not different between strains.

*Commercial Performance Objectives for Week 3:
Nicholas 88x700 males: body weight- 1.74 lbs; feed conversion ratio- 1.19
Hybrid Converter males: body weight- 1.64 lbs; feed conversion ratio- 1.25
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Table 4. Day 0-28 Strain Performance
Strain

D-28 Body Weight
D 0-28 Feed
D 0-28 Mortality
(lbs)
Conversion Ratio
Percentage
b
Nicholas TP5
2.68
1.26
1.29
Hybrid Converter
2.67
1.29a
1.72
ANOVA P-value and Fischer’s least significant difference multiple comparison test
P-value
0.7773
<.0001
0.6194
LSDc
0.0049
Means within a column without a common superscript differ significantly (P≤0.05)
Fischer’s least significant difference (a statistical multiple comparison test)

a-b
c

Results Summary
D-28 body weight and D 0-28 mortality percentage were not different between strains.
D 0-28 feed conversion ratio was significantly lower for Nicholas TP5 poults as
compared to Hybrid Converter poults.

*Commercial Performance Objectives for Week 4:
Nicholas 88x700 males: body weight- 2.85 lbs; feed conversion ratio- 1.26
Hybrid Converter males: body weight- 2.90 lbs; feed conversion ratio- 1.29
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Table 5. Day 0-35 Strain Performance
Strain

D-35 Body Weight
D 0-35 Feed
D 0-35 Mortality
(lbs)
Conversion Ratio
Percentage
Nicholas TP5
3.96
1.30
1.74
Hybrid Converter
3.99
1.31
2.33
ANOVA P-value and Fischer’s least significant difference multiple comparison test
P-value
0.5329
0.4202
0.5809

Results Summary
D-35 body weight and D 0-35 feed conversion ratio and mortality percentage were not
different between strains.

*Commercial Performance Objectives for Week 5:
Nicholas 88x700 males: body weight- 4.18 lbs; feed conversion ratio- 1.33
Hybrid Converter males: body weight- 4.54 lbs; feed conversion ratio- 1.34
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Table 6. Day 0-42 Strain Performance
Strain

D-42 Body Weight
D 0-42 Feed
D 0-42 Mortality
(lbs)
Conversion Ratio
Percentage
Nicholas TP5
5.53
1.39
2.04
Hybrid Converter
5.64
1.38
2.76
ANOVA P-value and Fischer’s least significant difference multiple comparison test
P-value
0.0745
0.0717
0.5161

Results Summary
D-42 body weight and D 0-42 feed conversion ratio and mortality percentage were not
different between strains.

*Commercial Performance Objectives for Week 6:
Nicholas 88x700 males: body weight- 5.96 lbs; feed conversion ratio- 1.40
Hybrid Converter males: body weight- 6.53 lbs; feed conversion ratio- 1.39
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Table 7. Day 0-49 Strain Performance
Strain

D-49 Body Weight
D 0-49 Feed
D 0-49 Mortality
(lbs)
Conversion Ratio
Percentage
a
Nicholas TP5
7.77
1.46
2.18
Hybrid Converter
7.93
1.45b
2.76
ANOVA P-value and Fischer’s least significant difference multiple comparison test
P-value
0.0965
0.0008
0.5989
LSDc
0.0064
Means within a column without a common superscript differ significantly (P≤0.05)
Fischer’s least significant difference (a statistical multiple comparison test)

a-b
c

Results Summary
D 0-49 feed conversion ratio was significantly lower for Hybrid Converter poults as
compared to Nicholas TP5 poults.
D-49 body weight and D 0-49 mortality percentage were not different between strains.

*Commercial Performance Objectives for Week 7:
Nicholas 88x700 males: body weight- 8.04 lbs; feed conversion ratio- 1.48
Hybrid Converter males: body weight- 8.74 lbs; feed conversion ratio- 1.46
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Table 8. Day 0-56 Strain Performance
Strain

D-56 Body
Weight (lbs)

D-56
Individual
Body
Weight (lbs)
9.74
9.85

D-56 Body
Weight
Standard
Deviation
1.23
1.14

D 0-56 Feed
Conversion
Ratio

D 0-56
Mortality
Percentage

Nicholas TP5
9.81
1.50
2.20
Hybrid
9.94
1.46
2.75
Converter
ANOVA P-value and Fischer’s least significant difference multiple comparison test
P-value
0.1375
0.5520
0.1561
0.0711
0.6135

Results Summary
D-56 body weight as determined by the automated scales in the turkey barn was not
different between strains. A similar trend was demonstrated when toms were weighed
individually. On average individual weights were 0.07 and 0.09 lbs smaller than
automated weights for Nicholas TP5 and Hybrid Converter toms respectively.
D-56 body weight uniformity within pen was not different between strains.
D 0-56 feed conversion ratio and mortality percentage were not different between strains.

*Commercial Performance Objectives for Week 8:
Nicholas 88x700 males: body weight- 10.37 lbs; feed conversion ratio- 1.54
Hybrid Converter males: body weight- 11.17 lbs; feed conversion ratio- 1.51
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Table 9. Day 0-63 Strain Performance
Strain

D-63 Body Weight
D 0-63 Feed
D 0-63 Mortality
(lbs)
Conversion Ratio
Percentage
Nicholas TP5
12.47
1.60
2.52
Hybrid Converter
12.37
1.59
4.24
ANOVA P-value and Fischer’s least significant difference multiple comparison test
P-value
0.6054
0.0624
0.2259

Results Summary
D-63 body weight and D 0-63 feed conversion ratio and mortality percentage were not
different between strains.

*Commercial Performance Objectives for Week 9:
Nicholas 88x700 males: body weight- 12.97 lbs; feed conversion ratio- 1.61
Hybrid Converter males: body weight- 13.72 lbs; feed conversion ratio- 1.58
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Table 10. Day 0-70 Strain Performance
Strain

D-70 Body Weight
D 0-70 Feed
D 0-70 Mortality
(lbs)
Conversion Ratio
Percentage
a
Nicholas TP5
15.07
1.70
2.67
Hybrid Converter
15.16
1.67b
4.39
ANOVA P-value and Fischer’s least significant difference multiple comparison test
P-value
0.7460
<.0001
0.2307
LSDc
0.0072
Means within a column without a common superscript differ significantly (P≤0.05)
Fischer’s least significant difference (a statistical multiple comparison test)

a-b
c

Results Summary
D 0-70 feed conversion ratio was significantly lower for Hybrid Converter toms as
compared to Nicholas TP5 toms.
D-70 body weight and D 0-70 mortality percentage were not different between strains.

*Commercial Performance Objectives for Week 10:
Nicholas 88x700 males: body weight- 15.98 lbs; feed conversion ratio- 1.68
Hybrid Converter males: body weight- 16.39 lbs; feed conversion ratio- 1.65
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Table 11. Day 0-77 Strain Performance
Strain

D-77 Body Weight
D 0-77 Feed
D 0-77 Mortality
(lbs)
Conversion Ratio
Percentage
a
Nicholas TP5
18.15
1.74
3.27
Hybrid Converter
18.11
1.72b
4.84
ANOVA P-value and Fischer’s least significant difference multiple comparison test
P-value
0.8519
<.0001
0.3173
LSDc
0.0066
Means within a column without a common superscript differ significantly (P≤0.05)
Fischer’s least significant difference (a statistical multiple comparison test)

a-b
c

Results Summary
D 0-77 feed conversion ratio was significantly lower for Hybrid Converter toms as
compared to Nicholas TP5 toms.
D-77 body weight and D 0-77 mortality percentage were not different between strains.

*Commercial Performance Objectives for Week 11:
Nicholas 88x700 males: body weight- 18.89 lbs; feed conversion ratio- 1.75
Hybrid Converter males: body weight- 19.09 lbs; feed conversion ratio- 1.72
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Table 12. Day 0-84 Strain Performance
Strain

D-84 Body Weight
D 0-84 Feed
D 0-84 Mortality
(lbs)
Conversion Ratio
Percentage
a
Nicholas TP5
21.51
1.83
4.02
Hybrid Converter
21.20
1.80b
5.42
ANOVA P-value and Fischer’s least significant difference multiple comparison test
P-value
0.2930
<.0001
0.3525
LSDc
0.0053
Means within a column without a common superscript differ significantly (P≤0.05)
Fischer’s least significant difference (a statistical multiple comparison test)

a-b
c

Results Summary
D 0-84 feed conversion ratio was significantly lower for Hybrid Converter toms as
compared to Nicholas TP5 toms.
D-84 body weight and D 0-84 mortality percentage were not different between strains.

*Commercial Performance Objectives for Week 12:
Nicholas 88x700 males: body weight- 21.74 lbs; feed conversion ratio- 1.83
Hybrid Converter males: body weight- 21.87 lbs; feed conversion ratio- 1.80
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Table 13. Day 0-91 Strain Performance

Nicholas Low
NPP
Nicholas High
NPP
Hybrid Low
NPP
Hybrid High
NPP
ANOVA Pvalue
LSD4
SEM5

Ending Weight D-91
(lbs/bird)
24.30

Pen Feed Conversion Ratio1 D-0 to
91 (lbs/lbs)
1.91a

Mortality2 D-0 to
91 (%)
4.21

Total P level in
litter at D-82 (%)
1.07

Soluble P3 level in
litter at D-82 (%)
0.83

24.40

1.91a

5.44

1.03

0.82

24.03

1.89b

7.21

1.10

0.89

23.50

1.89b

5.86

1.04

0.83

0.2297

<.0001

0.6274

0.5861

0.5846

0.3090

0.0044
0.0014

1.5899

0.0387

0.0369

Marginal Means
Nicholas
Hybrid

24.35
23.76

1.91a
1.89b

4.82
6.53

1.05
1.07

0.82
0.86

Low NPP diets
High NPP
diets

24.17
23.95

1.90
1.90

5.71
5.65

1.09
1.04

0.86
0.82

Strain effect
Phosphorus
effect
Strain x
Phosphorus

0.0880
0.5017

0.6396
0.2180

0.4013
0.3676

0.8262

0.5570

1

0.3328

Main Effect and Interaction Probabilities
0.3098
<.0001
0.4817
0.9686
0.9742

0.4379

Feed conversion ratio (Feed:Gain) was calculated using mortality weight
Mortality percentage is based on a beginning pen number of 90, thus if 10 birds die in a pen the resulting mortality percentage would be 11%
3
NAC-available phosphorus analysis conducted on “as is” litter samples, New Jersey Feed Lab Inc., Trenton, NJ
4
Fischer’s least significant difference (a statistical multiple comparison test)
5
Standard Error of the Mean, an estimate of the amount that an obtained mean may be expected to differ by chance from the true mean.
a-b
Values within columns with different superscripts differ significantly (P<0.05)
2
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Results Summary

Hybrid Converter had significantly lower D 0-91 FCR as compared to Nicholas TP5
toms.
Nicholas TP5 and Hybrid Converter toms had similar D-91 ending weight and D 0-91
mortality percentage.
Manipulation of dietary NPP level did not influence tom performance.
Total and soluble phosphorus levels in litter prior to changing dietary NPP were not
different.

*Commercial Performance Objectives for Week 13:
Nicholas 88x700 males: body weight- 24.66 lbs; feed conversion ratio- 1.91
Hybrid Converter males: body weight- 24.71 lbs; feed conversion ratio- 1.89
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Table 14. Day 0-98 Strain Performance

Nicholas Low NPP
Nicholas High NPP
Hybrid Low NPP
Hybrid High NPP
ANOVA P-value
LSD3
SEM4

Ending Weight D-98 (lbs/bird)
27.51
27.51
27.08
26.56
0.3071
0.3822

Nicholas
Hybrid

27.51
26.82

Low NPP diets
High NPP diets

27.29
27.03

Strain effect
Phosphorus effect
Strain x Phosphorus

0.1045
0.5134
0.5174

Pen Feed Conversion Ratio1 D-0 to 98 (lbs/lbs)
1.99b
2.00a
1.96d
1.97c
0.0004
0.0123
0.0038
Marginal Means
1.99a
1.97b

Mortality2 D-0 to 98 (%)
4.78
6.63
7.81
6.15
0.5988

1.98
1.98
Main Effect and Interaction Probabilities
<.0001
0.4996
0.9875

1

1.5463
5.71
6.98
6.30
6.39
0.4303
0.9534
0.2863

Feed conversion ratio (Feed:Gain) was calculated using mortality weight
Mortality percentage is based on a beginning pen number of 90, thus if 10 birds die in a pen the resulting mortality percentage would be 11%
3
Fischer’s least significant difference (a statistical multiple comparison test)
4
Standard Error of the Mean, an estimate of the amount that an obtained mean may be expected to differ by chance from the true mean.
a-d
Values within columns with different superscripts differ significantly (P<0.05)
2

Results Summary
Hybrid Converter had significantly lower D 0-98 FCR as compared to Nicholas TP5 toms.
Nicholas TP5 and Hybrid Converter toms had similar D-98 ending weight and D 0-98 mortality percentage.
Manipulation of dietary NPP level did not influence tom performance.
*Commercial Performance Objectives for Week 14:
Nicholas 88x700 males: body weight- 27.64 lbs; feed conversion ratio- 1.99
Hybrid Converter males: body weight- 27.61 lbs; feed conversion ratio- 1.96
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Table 15. Day 0-105 Strain Performance
Nicholas Low NPP
Nicholas High NPP
Hybrid Low NPP
Hybrid High NPP
ANOVA P-value
LSD3
SEM4

Ending Weight D-105 (lbs/bird)
30.59
30.30
30.20
29.49
0.4308
0.4621

Nicholas
Hybrid

30.45
29.85

Low NPP diets
High NPP diets

30.39
29.90

Strain effect
Phosphorus effect
Strain x Phosphorus

0.2273
0.3108
0.6584

Pen Feed Conversion Ratio1 D-0 to 105 (lbs/lbs)
2.02a
2.02a
1.99b
1.99b
<.0001
0.0052
0.0016
Marginal Means
2.02a
1.99b

Mortality2 D-0 to 105 (%)
6.26
7.52
9.92
7.62
0.3797

2.01
2.01
Main Effect and Interaction Probabilities
<.0001
0.4578
0.7123

1

1.4184
6.89
8.77
8.09
7.57
0.2178
0.7237
0.2417

Feed conversion ratio (Feed:Gain) was calculated using mortality weight
Mortality percentage is based on a beginning pen number of 90, thus if 10 birds die in a pen the resulting mortality percentage would be 11%
3
Fischer’s least significant difference (a statistical multiple comparison test)
4
Standard Error of the Mean, an estimate of the amount that an obtained mean may be expected to differ by chance from the true mean.
a-b
Values within columns with different superscripts differ significantly (P<0.05)
2

Results Summary
Hybrid Converter had significantly lower D 0-105 FCR as compared to Nicholas TP5 toms.
Nicholas TP5 and Hybrid Converter toms had similar D-105 ending weight and D 0-105 mortality percentage.
Manipulation of dietary NPP level did not influence tom performance.
*Commercial Performance Objectives for Week 15:
Nicholas 88x700 males: body weight- 30.62 lbs; feed conversion ratio- 2.07
Hybrid Converter males: body weight- 30.50 lbs; feed conversion ratio- 2.04
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Table 16. Day 0-112 Strain Performance
Nicholas Low NPP
Nicholas High NPP
Hybrid Low NPP
Hybrid High NPP
ANOVA P-value
LSD3
SEM4
Nicholas
Hybrid

Ending Weight D-112 (lbs/bird)
32.98
33.82
32.96
32.85
0.2787
0.3676
33.40
32.90

Pen Feed Conversion Ratio1 D-0 to 112 (lbs/lbs)
2.06a
2.05b
2.02c
2.02c
<.0001
0.0042
0.0013
Marginal Means
2.05a
2.02b

Mortality2 D-0 to 112 (%)
6.62
8.22
10.64
7.71
0.3454
1.5115
7.42
9.17

2.04c
8.63
2.04c
7.97
Main Effect and Interaction Probabilities
Strain effect
0.2059
0.2762
<.0001
Phosphorus effect
0.3452
0.7613
0.6699
Strain x Phosphorus
0.2297
0.1688
0.0434
1
Feed conversion ratio (Feed:Gain) was calculated using mortality weight
2
Mortality percentage is based on a beginning pen number of 90, thus if 10 birds die in a pen the resulting mortality percentage would be 11%
3
Fischer’s least significant difference (a statistical multiple comparison test)
4
Standard Error of the Mean, an estimate of the amount that an obtained mean may be expected to differ by chance from the true mean.
a-c
Values within columns with different superscripts differ significantly (P<0.05)
Low NPP diets
High NPP diets

32.97
33.34

Results Summary
Hybrid Converter had significantly lower D 0-112 FCR as compared to Nicholas TP5 toms.
Manipulation of dietary NPP level did influence the Nicholas TP5 strain D 0-112 FCR; however, this difference was only one
point of conversion and should be looked at as having a minimal effect.
Nicholas TP5 and Hybrid Converter toms had similar D-112 ending weight and D 0-112 mortality percentage.
Manipulation of dietary NPP level did not influence tom ending weight.
*Commercial Performance Objectives for Week 16:
Nicholas 88x700 males: body weight- 33.58 lbs; feed conversion ratio- 2.16
Hybrid Converter males: body weight- 33.31 lbs; feed conversion ratio- 2.13
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Table 17. Day 0-119 Strain Performance
Nicholas Low NPP
Nicholas High NPP
Hybrid Low NPP
Hybrid High NPP
ANOVA P-value
LSD3
SEM4

Ending Weight D-119 (lbs/bird)
36.12
36.95
35.47
35.29
0.1327
0.4831

Nicholas
Hybrid

36.53a
35.38b

Low NPP diets
High NPP diets

35.79
36.12

Strain effect
Phosphorus effect
Strain x Phosphorus

0.0403
0.5133
0.3243

Pen Feed Conversion Ratio1 D-0 to 119 (lbs/lbs)
2.11a
2.11a
2.08b
2.08b
<.0001
0.0035
0.0011
Marginal Means
2.11a
2.08b

2.10
2.10
Main Effect and Interaction Probabilities
<.0001
0.1324
0.1453

1

Mortality2 D-0 to 119 (%)
7.32
9.56
11.70
9.00
0.3961
1.7187
8.44
10.35
9.51
9.28
0.2946
0.8946
0.1849

Feed conversion ratio (Feed:Gain) was calculated using mortality weight
Mortality percentage is based on a beginning pen number of 90, thus if 10 birds die in a pen the resulting mortality percentage would be 11%
3
Fischer’s least significant difference (a statistical multiple comparison test)
4
Standard Error of the Mean, an estimate of the amount that an obtained mean may be expected to differ by chance from the true mean.
a-b
Values within columns with different superscripts differ significantly (P<0.05)
2

Results Summary
Nicholas TP5 had significantly higher D-119 ending weight as compared to Hybrid Converter toms.
Hybrid Converter had significantly lower D 0-119 FCR as compared to Nicholas TP5 toms.
Nicholas TP5 and Hybrid Converter toms had similar D 0-119 mortality percentage.
Manipulation of dietary NPP level did not influence tom performance.
*Commercial Performance Objectives for Week 17:
Nicholas 88x700 males: body weight- 36.51 lbs; feed conversion ratio- 2.25
Hybrid Converter males: body weight- 36.06 lbs; feed conversion ratio- 2.22
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Table 18. Day 0-126 Strain Performance
Ending Weight D-126
(lbs/bird)
39.00

Pen Feed Conversion Ratio1 D-0 to 126
(lbs/lbs)
2.21a

Mortality2 D-0 to 126
(%)
8.25

Total P level in litter
at D-125 (%)
1.19

Soluble P3 level in
litter at D-125 (%)
0.91

39.90

2.21a

9.56

1.26

0.91

38.00

2.18b

11.70

1.22

0.91

37.92

2.18b

9.89

1.28

0.93

0.1651

<.0001

0.5127

0.2293

0.8078

0.6375

0.0063
0.0020

1.5701

0.0315

Nicholas
Hybrid

39.45a
37.96b

2.21a
2.18b

8.90
10.80

1.23
1.25

0.91
0.92

Low NPP diets
High NPP diets

38.50
38.91

2.20
9.97
2.20
9.73
Main Effect and Interaction Probabilities
0.2576
<.0001
0.8710
0.8776

1.21
1.27

0.91
0.92

Nicholas Low
NPP
Nicholas High
NPP
Hybrid Low
NPP
Hybrid High
NPP
ANOVA Pvalue
LSD4
SEM5

0.0173
Marginal Means

Strain effect
0.4258
0.0447
Phosphorus
0.5399
0.0646
effect
Strain x
0.4652
0.1572
0.3463
0.7873
Phosphorus
1
Feed conversion ratio (Feed:Gain) was calculated using mortality weight
2
Mortality percentage is based on a beginning pen number of 90, thus if 10 birds die in a pen the resulting mortality percentage would be 11%
3
NAC-available phosphorus analysis conducted on “as is” litter samples, New Jersey Feed Lab Inc., Trenton, NJ
4
Fischer’s least significant difference (a statistical multiple comparison test)
5
Standard Error of the Mean, an estimate of the amount that an obtained mean may be expected to differ by chance from the true mean.
a-b
Values within columns with different superscripts differ significantly (P<0.05)
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0.7266
0.5323
0.5323

Results Summary
Summary information is based on statistical analyses performed on data collected at the Reymann Memorial Farm Turkey Research
Facility Nicholas TP5 had significantly higher D-126 ending weight as compared to Hybrid Converter toms.
Hybrid Converter had significantly lower D 0-126 feed conversion ratio as compared to Nicholas TP5 toms.
Nicholas TP5 and Hybrid Converter toms had similar D 0-126 mortality percentage.
Manipulation of dietary NPP level did not influence tom performance.
Soluble phosphorus levels in litter did not significantly differ after toms consumed final diets that varied in NPP level;
however, the low NPP diet decreased total litter phosphorus (P=0.0646), thus indicating potential to decrease feed cost and
environmental impacts.

*Commercial Performance Objectives for Week 18:
Nicholas 88x700 males: body weight- 39.36 lbs; feed conversion ratio- 2.35
Hybrid Converter males: body weight- 38.72 lbs; feed conversion ratio- 2.30
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Table 19. Descriptive Plant Data
Strain

Line
count

Gross
wt.1
(lbs)

Avg.
bird live
wt. (lbs)

Avg.
daily
weight
gain (lbs)

Avg.
canner
wt.2 (lbs)

Avg.
canner
wt. yield
of live
wt. (%)

Avg.
breast
wt.2 (lbs)

Breast
yield of
canner
wt. (%)

Nicholas
TP5

590

23,520

39.9

0.3164

32.98

82.66

7.46

22.62

Hybrid
Converter

590

22,860

38.7

0.3075

32.33

83.54

7.23

22.36

1

Weight was obtained by the difference between empty and loaded trailers. Scales are governed by
Packers and Stockyards that require daily testing and annual certification.
2
Data was obtained from 50 toms of each strain.

Results Summary
Nicholas TP5 toms demonstrated greater live weight, average daily gain, canner weight,
breast weight, and breast yield as compared to Hybrid Converter toms.
Hybrid Converter toms demonstrated greater canner yield as compared to Nicholas TP5
toms.
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Figure 1. Weekly Live Weight of Hybrid Converter and Nicholas TP5 Toms Compared to their Respective Strain Standards
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Table 20. Diet Proximate Analysis and Phosphorus Assays.
Starter Starter Grower Grower
1
2
3
4
% Moisture
% Protein
% Fat
% Crude Fiber
% Ash
% Total
Phosphorus
% Phytic Acid
Calculated %
NPP1
1

10.4
26.3
10.7
2.95
6.84
0.915

12.3
22.3
11.1
2.5
6.3
0.875

12.2
24.9
8.99
2.79
6.15
0.894

12.0
22.9
9.7
2.32
5.88
0.792

1.000
0.633

0.859
0.633

0.904
0.639

0.839
0.555

Finisher
Finisher
Finisher
Finisher
5
5
6
6
(Normal) (Reduced) (Normal) (Reduced)
12.1
12.2
12.2
12.6
20.2
20.8
16.7
16.6
11.1
10.1
11.8
11.9
2.25
2.46
2.41
2.53
5.58
5.4
4.84
4.25
0.752
0.769
0.564
0.571
0.620
0.577

0.767
0.553

0.593
0.397

0.671
0.382

As per directed by NP Analytical Labs % NPP was calculated by (% Total Phosphorus – (0.282 x % Phytic Acid)).
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Overall Study Conclusions based on Research Objectives

Research Objectives:
1) To assess growth performance differences between Nicholas TP5 and Hybrid Converter
strains of male turkey.
Based on data obtained from the Reymann Memorial Farm Turkey Research Facility,
strains significantly differed in ending weight. Nicholas TP5 toms weighed 1.49 lbs
heavier as compared to the Hybrid Converter toms. Mortality percentages did not
differ between strains. Although the Nicholas TP5 toms showed a higher ending
weight, the Hybrid Converter toms demonstrated a significant 3 point reduction in
feed conversion ratio giving potential to lower feed costs and increase profitability.
o (During the preliminary study, ending weights and mortality percentages did
not differ between strains. Hybrid Converter toms showed a 9 point reduction
in feed conversion ratio as compared to the Nicholas 88x700 toms.)
2) To assess changes in phosphorus deposition in litter due to strain and NPP fluctuations in
finisher diets.
Manipulation of dietary NPP level did not influence tom performance. Total and
soluble phosphorus levels in litter prior to changing dietary NPP levels did not differ.
Soluble phosphorus levels in litter did not significantly differ after toms consumed
finisher #5 and 6 diets that varied in NPP; however, the low NPP diet did decrease
total litter phosphorus, thus indicating potential to decrease feed cost and
environmental impacts.
o (During the preliminary study, tom performance was not influenced by
differing dietary NPP levels. Litter composition of phosphorus was not
affected due to dietary NPP changes.)
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